3D Transmon Qubit Sample
In our experiment, the transmon, as shown in Fig. S1a , is patterned with a 30 KeV e-beam lithography, followed by double-angle shadow evaporation of aluminum (thicknesses of layers are 30 and 80 nm, respectively) and lift-off procedures to form the final structure on a high-resistivity silicon substrate. An optimal oxidation condition is chosen so as to get the proper critical current 
Readout and State Tomography Measurement
For the 3D transmon qubit sample, a standard "bright state"readout with heterodyne technique 1 is used to obtain the states of the qubit. The input signal is heavily attenuated and the output signal is amplified more than 20 dB with microwave amplifier 2 to achieve high SNR. We calibrated the measurement setup and find that the readout fidelity is 74%.
Different from the state tomography measurement with a fixed microwave frequency, the dynamic phase θ f of the Bloch Sphere basis generated by the varying rotation frame should be taken into account in the process of chirping. With the frequency difference between the microwave and the qubit resonant frequency determined as δ ω (t), the dynamic phase is given by θ f (t) = t 0 δ ω (τ )dτ . Then, the new X and Y axes to apply a resonant π/2 pulse for rotating the qubit about is given by X = cosθ f X + sinθ f Y and Y = −sinθ f X + cosθ f Y , where X and Y are the Bloch Sphere bases with a fixed microwave frequency. After the π/2 pulse rotation, a standard readout pulse is applied and the qubit state tomography is achieved.
